TECHNICAL IEC
SPECIFICATION CEl

SPECIFICATION TS 60479-2
TECH N |QU E Third edition

Troisieme édition
2007-05

Iivestock -

Effects of current on human

Part 2:
Special aspects

Reference number
Numéro de référence
IEC/CEI/TS 60479-2:2007



https://standards.iteh.ai/catalog/standards/iec/0715a362-861b-4ec6-a715-d50a6ff6b0dc/iec-ts-60479-2-2007

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2007 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de la CEl ou du Comité national de la CEl du pays du dema

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch

About the IEC

The International Electrotechnical Commission
International Standards for all electrical, electro

About IEC publications

Stay up to date on all
on-line and also by em

= Customer Service Centté
If you wish to give us
Centre FAQ or conta

La Commission Electro ique Internationale (CEI) est la premiére organisation mondiale qui élabore et publie des
normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications CEI

Le contenu technique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plus récente, un corrigendum ou amendement peut avoir été publié.

® Catalogue des publications de la CEl: www.iec.ch/searchpub/cur_fut-f.htm

Le Catalogue en-ligne de la CEIl vous permet d’effectuer des recherches en utilisant différents critéres (numéro de
référence, texte, comité d’études,...). Il donne aussi des informations sur les projets et les publications retirées ou
remplacées.

® Just Published CEI: www.iec.ch/online_news/justpub
Restez informé sur les nouvelles publications de la CEIl. Just Published détaille deux fois par mois les nouvelles
publications parues. Disponible en-ligne et aussi par email.

= Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm
Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du
Service clients ou contactez-nous:

Email: csc@iec.ch
Tél.: +41 22 919 02 11
Fax: +41 22 919 03 00


mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.iec.ch/searchpub/cur_fut-f.htm
http://www.iec.ch/online_news/justpub
http://www.iec.ch/webstore/custserv/custserv_entry-f.htm
mailto:csc@iec.ch
https://standards.iteh.ai/catalog/standards/iec/0715a362-861b-4ec6-a715-d50a6ff6b0dc/iec-ts-60479-2-2007

TECHNICAL IEC
SPECIFICATION CEl

SPECIFICATION TS 60479-2
TECH N |QU E Third edition

Troisieme édition
2007-05

RN

Iivestock -

Effects of current on human

Part 2:
Special aspects

PRICE CODE W

Commission Electrotechnique Internationale CODE PRIX
International Electrotechnical Commission
= MexayHapoaHas dnekTpoTexHuyeckas Komucens For price, see current catalogue

Pour prix, voir catalogue en vigueur


https://standards.iteh.ai/catalog/standards/iec/0715a362-861b-4ec6-a715-d50a6ff6b0dc/iec-ts-60479-2-2007

-2- TS 60479-2 © IEC:2007

CONTENTS
O L L @ 1 I PP 5
LS T o1 o o 1= YU 7
P (o] 4 ¢ F= Y YN = £ =Y g Lo 7
3 Terms and definitioNs . ... e 7
4  Effects of alternating currents with frequencies above 100 Hz ..., 10
T € =Y 7= - | PP 10
4.2 Effects of alternating current in the frequency range above 100
including 1 000 Hz......oouiii e
4.2.1 Threshold of perception............ccocoviiiiiiiiiiiieee,
4.2.2 Threshold of let-go .......ccooviiiiiiiii N
4.2.3 Threshold of ventricular fibrillation
4.3 Effects of alternating current in the frequency range above
and including 10 000 Hz ... e G N i e e e ee e rene e eeneaneneanas
4.3.1 Threshold of perception ... e N Ne s e eeeeeeneeneenees
4.3.2 Threshold of 18t-g0 ......oiiiiiiiii e e D e Ny e e
4.3.3 Threshold of ventricular fibrillatie
4.4 i 3
4.4.1
5 Effects of special wav
5.1 General
5.2 Equiva
5.3 Effects@g
6
6.3.1  Symmetrical CONtrol........cooiiiii 22
6.3.2  Asymmetrical Control ... 22
7 Effects of alternating current with multicyle control ..............coooii i 22
7.1 Waveforms and frEQUENCIES .......oiviiiiii e e 22
7.2 Threshold of startle reaction and threshold of let-go ...........c.cooiiiiiiiiiii i 23
7.3 Threshold of ventricular fibrillation............... 23
T30 GENEIAI e e 23
7.3.2 Shock durations exceeding 1,5 times the period of cardiac cycle............... 24
7.3.3 Shock durations less than 0,75 times the period of cardiac cycle............... 24
8 Estimation of the equivalent current threshold for mixed frequencies.............................. 24
8.1 Threshold of perception and [€1-g0 .........oiiiiii i 24

8.2 Threshold of ventricular fibrillation.........ccooieiii e 24


https://standards.iteh.ai/catalog/standards/iec/0715a362-861b-4ec6-a715-d50a6ff6b0dc/iec-ts-60479-2-2007

TS 60479-2 © IEC:2007 -3-

9 The effect of repeated pulses (bursts) of current on the threshold of ventricular

B At 0N L 25
9.1  Ventricular fibrillation threshold of multiple bursts of current separated by 1 s
Lo 0 00T = N 25
9.2 Ventricular fibrillation threshold of multiple bursts of current separated by
1SS thaNn 1 S e s 25
0.2.1  GENEIAl it 25
0.2, EXAMPIE e e 26
0.2.3  EXAMPIE 2 i e 28
10 Effects of electric current through the immersed human body................oooiii . 28
0.1 GNEIAL ... e T e
10.2 Resistivity of water solutions and of the human body.............o«al...co.o. N,
10.3 Conducted current through immersed body ........ccoooiiiiiiii AN e A DN e
10.4 Physiological effects of current through the immersed bod
10.5 Threshold values of current...........cooooiiii G 0 e e e e

10.6 Intrinsically safe voltage values..............co.coooic G N e o,
Effects of unidirectional single impulse currents of sho

Figure 4 — Variation™of the threshold of perception within the frequency range

01010 2 o T 0100 12
Figure 5 — Variation of the threshold of let-go within the frequency range 1 000 Hz to

10 000 HzZ oo e 12
Figure 6 — Waveforms Of CUITENTS ... ..o e e 14
Figure 7 — Let-go thresholds for men, women and children .............coooiiiniii 15
Figure 8 — 99,5 percentile Let-Go threshold for combinations of 50/60-Hz sinusoidal
alternating current and direCt CUITeNnt ... ... 16
Figure 9 — Composite alternating and direct current with equivalent likelihood of

ventricular fibrillation ... 18
Figure 10a — Half wave rectification ... 19
Figure 10b — Full wave rectification ... 19
Figure 10 — Waveforms of rectified alternating currents ..o 19

Figure 11a — Symmetrical CONrol.......c.oiiii e 21


https://standards.iteh.ai/catalog/standards/iec/0715a362-861b-4ec6-a715-d50a6ff6b0dc/iec-ts-60479-2-2007

—4 - TS 60479-2 © IEC:2007

Figure 11b — Asymmetrical CONTrol ... ..o e 21
Figure 11 — Waveforms of alternating currents with phase control...............c..ccois 21
Figure 12 — Waveforms of alternating currents with multicycle control.........................onl. 23

Figure 13 — Threshold of ventricular fibrillation (average value) for alternating current
with multicycle control for various degrees of controls (results of experiments with

Lo 10T o I 1T =3 PP PPTPPRR 24
Figure 14 — Series of 4 rectangular pulses of unidirectional current. ...............coccoins 26
Figure 15 — Series of 4 rectangular pulses of unidirectional current ...................ccoeeiiien, 27
Figure 16 — Series of 4 rectangular pulses of unidirectional current ...................ccoeeiiiie. 27

Figure 17 — Forms of current for rectangular impulses, sinusoidal impulse
capacitor discharges



https://standards.iteh.ai/catalog/standards/iec/0715a362-861b-4ec6-a715-d50a6ff6b0dc/iec-ts-60479-2-2007

TS 60479-2 © IEC:2007 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /of TEC is to promote
international co-operation on all questions concerning standardization in the electrical and eleetronic fields. To

Technical Reports, Publicly Available Specifications (PAS) and Guides (herea eferred Mo as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National i i
in the subject dealt with may participate in this preparatory work. Internationa

consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international uniformity, TEC Nati s ittees”undertake to apply IEC Publications
transparently to the maximum extent posgible in thei ional and regional publications. Any divergence
between any IEC Publication and the corre i or regional publication shall be clearly indicated in
the latter.

7) No liability shalla e
members of its tec atfonal Committees for any personal injury, property damage or
other damage of an € ether direct or indirect, or for costs (including legal fees) and
expenses arising ot i se of, or reliance upon, this IEC Publication or any other IEC
Publications.

The main task C technical committees is to prepare International Standards. In
exceptional circum ces, a technical committee may propose the publication of a technical
specification when

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

» the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 60479-2, which is a technical specification, has been prepared by IEC technical
committee 64: Electrical installations and protection against electric shock.

This third edition cancels and replaces the second edition, published in 1987, and constitutes
a technical revision.
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The major changes with regard to the previous edition are as follows:

The text of this technical specification is based on the following documents:

The report has been completed with additional information on effects of current
passing through the human body for alternating sinusoidal current with d.c.
components, alternating sinusoidal current with phase control, alternating sinusoidal
current with multicycle control in the frequency range from 15 Hz up to 100 Hz.

An estimation of the equivalent current threshold for mixed frequencies.

The effect of repeated pulses (bursts) of current on the threshold of ventricular
fibrillation.

Effects of electric current through the immersed human body.

Enquiry draft Report on voting
64/1544/DTS 64/1579/RVC &

Full information on the voting for the approval of this tech [ i be found in

+ transformed into a
* reconfirmed,
* withdrawn,

* replaced by a rev
*+ amended.

the report on voting indicated in the above table.
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EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 2: Special aspects

1 Scope

IEC 60479-2, which is a technical specification, describes the effects on the human body
when a sinusoidal alternating current in the frequency range above 100 Hz passes through it.

The effects of current passing through the human body for

— alternating sinusoidal current with d.c. components,
— alternating sinusoidal current with phase control,
— alternating sinusoidal current with multicycle control,

are given but are only deemed applicable for alternating
100 Hz.

including 10 ms. For i
IEC 60479-1 ap

ed current resulting from the direct application of a
s IEC 60479-1 and IEC 60479-3. It does not consider

For dated references; only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60479-1:2005, Effects of current on human beings and livestock — Part 1. General
aspects

IEC 60479-3, Effects of current on human beings and livestock — Part 3: Effects of currents
passing through the body of livestock

IEC 60990, Methods of measurement of touch current and protective conductor current

3 Terms and definitions

For the purposes of this document, the following definitions, in addition to those given in
IEC 60479-1, apply.
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NOTE Certain definitions are taken from the IEV. Such references are listed in the bibliography [27], [28] 1).

3.1

frequency factor

Fy

ratio of the threshold current for the relevant physiological effects at the frequency f to the
threshold current at 50/60 Hz

NOTE The frequency factor differs for perception, let-go and ventricular fibrillation.

3.2

phase control

process of varying the instant within the cycle at which current conducti in an electronic
valve device or a valve arm begins

(IEV 551-16-23)

3.3

phase control angle (current delay angle)
time expressed in angular measure by which the starting
delayed by phase control

ent conduction is

(IEV 551-16-32)

3.4

multicycle control
process of varying the ratio of the numb
number of cycles in which no current co

(IEV 551-16-31)

r of\.cy hich<inelude current conduction to the

3.5
multicycle control fac

p
ratio between th@n :
cycles in the case ©of

NOTE F, is determined by the form of the impulse as the integral

féi i%dt

where ¢ is defined in Figures 17 and 18. F, multiplied by the body resistance gives the energy dissipated in the
human body during the impulse.

3.7

specific fibrillating charge

Fq (C or As)

minimum /¢ value of unidirectional impulse of short duration which under given conditions
(current-path, heart-phase) causes ventricular fibrillation with a certain probability

1) References in square brackets refer to the bibliography.
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NOTE Fq is determined by the form of the impulse as the integral

f;i idt

Where ¢ is defined in Figures 17 and 18.

3.8
time constant
time required for the amplitude of an exponentially decaying quantity to decrease to

1 0,3679
e

times an initial amplitude

(IEV 801-21-45, modified)

3.9
shock duration of a capacitor discharge

5

time interval from the beginning of the discharge to
fallen to 5% of its peak value (see Figures 17 and 18

3.10
shock duration for complex asympt
fi
shortest duration of that
impulse

3.1
threshold of pei ‘

minimum value for
sensation to the perso

3.12
thresho

3.13
pain
unpleasant experience such that it is not readily accepted a second time by the subject
submitted to it

NOTE Example are an electric shock above the threshold of pain described in 11.3, the sting of a bee or burn of a
cigarette.
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4 Effects of alternating currents with frequencies above 100 Hz
NOTE Values for 50/60 Hz are given in IEC 60479-1.

4.1 General

Electric energy in the form of alternating current at frequencies higher than 50/60 Hz is
increasingly used in modern electrical equipment, for example aircraft (400 Hz), power tools
and electric welding (mostly up to 450 Hz), electrotherapy (using mostly 4 000 Hz to
5 000 Hz) and switching mode power supplies (20 kHz to 1 MHz).

Little experimental data is available for this clause, so that the information given herein should
be considered as provisional only but may be used for the evaluation of risks in the frequency
ranges concerned (see bibliography). Attention is also drawn to the fact that the_ impedance of

impedance Z; (see |IEC 60479-1).

NOTE The use of peak measurements. At current levels that produ hysi cal responses of perception,
startle reaction and inability of let-go, the physiological response from i i ixed frequency periodic
current is best indicated by the peak value of an output signal/ taining a frequency-
weighting network such as those described in IEC 60990.

These frequency weighting networks attenuate the signal a requency factors of Clause 4 of
IEC 60479-1 so that the output signal corresp € b

4.2 Effects of alterna
including 1 000

IS
%)
g
S 1,6
o3
o
I
1,4 //
1,2 ’/
1,0
50/60 100 200 300 500 1000

. .
Frequency f(Hz) IEC 801/07

Figure 1 — Variation of the threshold of perception
within the frequency range 50/60 Hz to 1 000 Hz
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4.2.2 Threshold of let-go

For the threshold of let-go the frequency factor is given in Figure 2.

2,0

1,8

1,6

Frequency factor Ff

1,4

1,2

1,0
50/60 100

1)000

f

Frequency factor

50/60 100 300 1000

Frequenc Hz) ——
9 y /(H2) IEC 803/07

Figure 3 — Variation of the threshold of ventricular fibrillation within the frequency
range 50/60 Hz to 1 000 Hz, shock durations longer than one heart period and
longitudinal current paths through the trunk of the body
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4.3 Effects of alternating current in the frequency range above 1 000 Hz up to and
including 10 000 Hz

4.3.1 Threshold of perception

For the threshold of perception the frequency factor is given in Figure 4.

150
100

50

\

10

Frequency factor Fi

1

EC 804/07

7

5 /
S Pq
3] y,
Rl 7
) //
g 3 7
> /
g
i 2 /

1

1 2 3 5 10

Frequency f(kHz) ——
IEC 805/07

Figure 5 — Variation of the threshold of let-go
within the frequency range 1 000 Hz to 10 000 Hz

4.3.3 Threshold of ventricular fibrillation

Under consideration.
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